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Abstract£? Phytochemical investigation of the plant Clerodendrum serratum var. amplexifolium 
Moldenke afford a novel condensation compound of a monoterpene acid with a monosaccharide 
derivative£-mamed serratumin AE" 1£®and five known compounds£ 2 ~ 6£Gyhich have been isolated 
from the plant source for the first time. Their structures were characterized by spectral methods 
£ including 2D NMR techniqueE© 

Key words£° Clerodendrum serratum var. amplexifolium £»Verbenaceae£»Condensation compound£» 


Serratumin A 


Clerodendrum serratum var. amplexifolium Modenke £" Verbenaceae £©is wildly 
distributed in the southern region of Yunnan Province and South — western region of Guizhou 
Province£-€hina. It mainly grows in the place up to an altitude of 630 ~ 1 700 meter Wu et 
al£4977£©lt is a famous folk herbal medicine calledj ° San Tai Huai Evi “> £@h traditional 
Chinese medicine and has a good reputation in the treatment of various human disorders such as 
the malariaE-hepatitisE-bullas pustulosis and various infections£ Wu et al £4977£>Yunnan 
Medicinal Material Corporation£d993 £O However£-ts chemical constituents have not been 


reported so far. In order to clarify the medical value of the plant£7and as a series of study on 
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biologically active constituents of the genus Clerodendrum£-this medicinal plant was 
investigated. 

The study of the plant led to the isolation of a new compound£-named serratumin A£ 1 £€^ 
together with five known compounds including two flavonoids£5£7£8£ — tetrahydroxy — 6 — 
methoxy - flavon£ 2ff9Wang et al£+998£@nd 5£6£7- trihydroxy — 4) — methoxyflavone 7 — 
glucopyranoside£ 3ffÓMorita et al £4977£®and three phenolic acids£-eis — cinnamic acid£ 4£^ 
trans — cinnamic acidE” 5f£fÓHocking et al £4970£@nd p — coumaric acid£ 6 HOTsareva et al £^ 
197182 Their structures were elucidated by spectroscopic methods£ including 2 D NMR 
techniques£O 


Results and Discussion 
Serratumin A£” 1£@xhibited ar£ÜM ԼՒ 1£Y ion peak at ոք 7 343 in the positive FABMS and 
an£ÜM — H;O£Y ion peak at n£z 324 in the EIMS indicating its molecular weight to be 342. 
The molecular formula was determined as C16 H5? Og by the high resolution positive FABMS 
££UM + 1Ք/ 343.1402£-ealed. 343.1393£© The 3C NMR spectrum showed 16 resonance 
signals£ Table 1 £&providing further support for the assigned molecular formula. Observation of 
the 5Ը NMR resonance for four olefinic carbon Ub 114.8" t£6129 . £” s£6$40. €" d£Gnd 141.9 
£" s£@pm£Yand two carbonyl carbons£Üb 170. £^ s£@nd 209. 6" sE@pmfMaccounted for a total of 4 
degrees of unsaturation. The remaining 2degrees of unsaturation were assumed for the presence 
of two additional ring systems. The IR spectrum displayed the existence of hydroxyl groups 
£°3418 br. cm! £€2 carboxyl group£ 1704 «ոռ ! £QGf an a£-8 — unsaturated acid£-a carbonyl 
group£ 1642 cm ! £Gnd olefinic bond£” 3020£4425 and 682 cm ! £OThe 'H NMR spectrum of 
1 was performed in CsD;N to give an excellent results as shown in Table 1. By investigating 
the 'H and PC NMR spectra as well as 'H — ԷԼ COSY£-HMQC and HMBC spectraé” Table 2£O 
of 1£-two partial structuresf£^a£QGndE" bBÉOFig. 1 £€were predicated. The structure o£ a£&yas 


determined to be a monoterpene acid£undÉ" b£&ras suggested to be a derivative of a hexose£T. e 





(a) (b) 


Fig. 1 Two partial structuresf£&^a£GndE b£O 


the — OH at C - 3i of the hexose was oxidated to carbonyl group. It was confirmed by the 
presence of a downfield signaEUb 5.3£ 1H£dEF = 10.0 Hz£-M — 4j E€fn 'H NMR spectrum 
of 1£«ince the H- 4j is highly deshielded by the carbonyl group at C — 3i . Now the remaining 
question is how to connect each other of the two partial structures. On the basis of the 
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unsaturated degree£the connectivity of the two partial structures should give an additional ring 
system. From the HMBC spectrum of 1 £some important !H — PC long range correlations could 
be clearly observed between H — 78 6 3.86 ppm£@E a£Gnd C- 1j£ 8 110.4 ppm£€€ 28 è 
87.38 ppm£@nd C- 3£ 6 209.6 ppm£Gf£ b£Grespectively£»between H — € 8 4.54 ppm£Gf 
Բ «քոմ C- 1£ 8 110.4 ppm£®€ -2£ 6 87.38 ppm£GE b£€respectively£Pbetween H- 1£ è 
5.55 ppm£Gf£ b£Gnd C- £5 51.80 ppm£€€ - € 5 71.96 ppm£GE a£€respectively. These 
evidence revealed that the two partial structures were combined by a carbon — carbon bond 
between C — 7 and C - 2j E-and an oxo - bridge between C -- 8 and C- 1j . Meanwhile£ new 
tetrahydrofuran circle was formed. On the other hand£-the configuration of A**'— double bond 
and relative stereochemistry of 1 was determined by the NOESY experiments£ Table 280 
Accordingly£the structure of serratumin A was identified as 1. Its structure was shown in Fig. 

24 
The structures of five known compounds were identified on the basis of physical constants 


and spectral data. 
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Fig. 2£° A£®The structure of IE” B£8The key 'H — C long - range correlations observed in the HMBC spectrum of 1. 


£°C£@Some principal Տակի observed in the NOESY spectra of 1. 





Table 1 The 'H and PC NMR spectra data of compounds 1 in pyridine — d$; 5,00MHz£3 in ppm from TMS and J in Hz£O 
H£ C ou c 
1 170.5 s 
2 129.8s 
3 6.98 1 էԼք-Իւ. ք) = 5.8£0 140.9 d 
4 2.1€ 2H£m£O 27.40 t 
5 2.1€ 2H£m£O 35.44 t 
6 141.9 s 
£ 7p£O 3.86 IH££3 = 9.2£0 51.80 d 
8 4.5£ 2H£m£O 71.96 t 
$ 9a£-9b£O 5.08 1H£^br. s£5.1£ 1HE pr. s£O 114.9 t 
10 1.9£ 3HESE© 12.95 
1Բ 146 5.5£ 1HESEO 110.4 d 
2 87.38 s 
3’ 209.6 s 
4£ 4’ BEO 5.38 1HEdEF = 10.08. 72.58 մ 
5E 5'o£O 3.92€ 1HEMEF = 10.0£4.8£0 78.74 d 
6՛ 4.46 2H£-br. s£O© 62.27 t 
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Table 2. Some principal results from the ԷԼ — 'H COSY£-NOESY and HMBC spectra of compound 1 in pyridine — d£ 500 MHz£© 





Proton COSY"'H£O NOESY"!'H£O HMBC «£^ PC£6 
3 4 4£5 1££4£65£40 
4 3£5 3£5£40 2f££:3£855£66 
3 4 3£779£-9a 3f££4£856£67£-9 
7B 8 5£8£4'B 5£76£€8£99£3'£72'£€3' 
8 78 78895 6 fF 7 £64 £3’ 
9a 9b 5 5££56£67 
9b 9a 8 5££56£67 
10 4 1f££2£€3 
l'a 5'a 7£-f££2'£0 
4'B 5'a 788-6՛ 2'f£&3'£855' £66’ 
5'a 488-6՛ l'a£-$' |'£3' 
6 5'a 4'B£5'a 4'f£$5'£6 


* Two- bond correlations were shown in the brackets. 


Experimental 

General Optical rotations were taken on JASCO - 20C digital polarimeter. IR spectra 
were recorded with Bio - Rad FTS — 35 spectrometer. UV spectra were obtained on a UV210A 
spectrometer. MS spectra were measured on a VG Auto Spec — 3000 spectromet - er. NMR 
spectra were run on a Bruker AM — 400 MHz and DRX — 500 MHz spectrometers. 

Extraction and Isolation Plant material was collected in Xishuangbanna of Yunnan 
province in september 1996£-and identified as C. serratum var. amplexifolium by Prof. Li 
Xi— wen. A voucher specimen is deposited in the Herbarium of Kunming Institute of Botany. 
The air — dried and powdered aerial parts£ 6.0 kg£Qf C. serratum var. amplexifolium were 
extracted with 95% EXOHE 3 x 16 L£@Qnder reflux for 2 hr. each time and then concentrated 
in vaccum to give blackish green sticky crude extracti£ 628.2 g£©The extract was dissolved in 
HLO and successively partitionated with petroleum — ether£ 60 ~ 90 C £€EtOAc and n — 
BuOH to affored petroleum — ether£-EtOAc and ո-- BuOH residues 120.58-57.0 and 256.0 g 
after the solvent was evaperated to dryness in vaccum£Tespectively . 

The EtOAc residuc£ 57.0 g£@vas chromatographed on silica gel column£ 1.5 kg£-200 ~ 
300 mesh£@nd eluted with CHCI£ Me;CO gradient system£ 189 — 0£f9£@nd then with 
MeOH to give twelve fraction” A ~ L£€respectively. From the fractions D and E£compounds 
£ 150 mg£9$ 1.049 g£@nd € 1.186 g£Gvere isolated by CC on silica gel£^ 300 ~ 400 mesh£© 
eluting with petroleum — ethei£ CHCI£ 9£$ £Gpetroleum — ethe£ Me CŒ” 10£2 £&nd petroleum 
—ethe£ Et5,O£ 2£9 £Orespectively. Fractions G and H were chromatographed on medium 
pressure column developing with petroleum — etheé Et OF 4£6 £€€ HCI£ MeOH£ 9088 and 
10£%£@nd Et;O to yield compounds 1£ 82 mg£@nd 2£ 26 mg£O After repeated silica gel and 
reversed phase material RP — 8£-RP — 18 and MCI gel CHP — 20£Ueluent£8CHCI£ MeOHE"9£9 
and 8£2£€€HCI£ MeOH£ H;0E 9£2£8.1 and 8£9£8.2£O6MeOH E£ HOE 3£9£4£8 and 5£2 
5£€YCC and increasing pressure CC£tompound 3£ 31 mg£@vas obtained from fraction J. 
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Serratumin A£” 1£©,,H»Ogf-brown gum fth BE? + 11.53£" c 0.009£-€;H; NESU VIMO 
nm£9202£-214.5£-253.5 and 258.5£»IRVÉ* cm !£93418 br. £-3020£-2936£4 704 £3642£^ 
1488£4425£4385£4248£4+086£-455 and 682PEIMSE£" 70 eV£n£ £^ % £€6324UM - H5O£Y 

£720£63060524 - ԷԼՕՔԲՔ"248Թ598՝ 15£©26£" 16£623$" 17£6211 20£620&" 308Թ193 
£20£€17$f 54£€166 62£€14$ 62£642£ 100£Gnd 108 58£®positive ion FABMS ոք 785343 
£ÜM  1£€ 100£81ts 'H and ^C NMR spectral data were listed in Table 1. 

5£3£8f4' - tetrahydroxy - 6 — methoxyflavonc 2£©,,H,»O,£1ed — orange crystal£^ 
mp£2162 — 164* CEAR: cm ^1 £9336" br. £63122£4650£4 580£4562£4494£4430£4392£^ 
1213£4168£4086£4055 and 955£H NMR£' 400 ԽԷՆք-ԾԽՏՕՔԹՏ 6.5£" 1 HEa£-H - 3£€» 
7.4& 2HEddE+ = 8.4£3.0 Hz£-H - 2i and 6; E€6.8£ 2HEdd£+ = 8.4£3.0 Hz£-H-3i ^ 
and 5; ԷԹ3.96` :8-ՕԸՒԹՔԹոՎ 12.98: 1H£«£5 - OH£GP^C NMR£E' 100.6 MHz£-DMSOLE 
8164. £ s£€ - 2£6402..£' d£-€ — 3£©482 8 s£-€ — 4£6449. f s£-€ — 5£€431 .£ s£-€ - 6£€^ 
152.8 s£-€ — 7£€428.& s£-€ - 8£€445. £ s£€€ - 0£€403. E’ s£-€ — 10£659.5£ q£% - 
OCH;£6421.6 s£-€ — 1; E328. 8 d£-€ — 2i and 6; E116.& d£-€ — 3j and 5j EGnd 161.5 

£'s£€ - 4,EOEIMS 70 eV£Q£7£3160M£€' 59£630£ÜM — Mc£E 45£€37$ 36£610f" 43քԹ- 
18$0A, — Mef 10£616€£ 34£645£ 29£@nd 11803, £€ 27£O 

5£6£7-— trihydroxy — 4՛ - methoxyflavone - 7 -Օ-ք - D - glucopyranoside£ 38227 ԷՆ» 
Oj, £zimorphous yellow powderfEth£¥ — 63.78€" c 0.780£-€;H; NEBU VIMOH nm£903£2311£^ 
255 .5£260£377 and 332£ARVEE Շու £9339£" br. £€3931£-1660£4606£4570£4512£4464£^ 
1357£4286£4252£4180£4101£4073£4036£-915 and 836£H NMRE' 400 MHz£-€5D;N£ 
86.5£ 1H£s£4 - 3£67.5f 1HE SEF - 8£€5.8$ 2HE-pr. dE = 7.6 Hz£Ħ - 2i and 6; E€^ 
6.8€ 2H£-br.d£4 = 7.6 Hz£-H - 3i and 5j; £©5.9£ 1HEWEF = 7.0 Hz£-H - 1i £64.00 

£'1H£«£3 = 7.4 Hz£ - 2; £64.3£ 2HE£Em£H - 3j tnd 4j £63.78 1H£m£-H — 5j $€4.56 

£'|Hf£dd£3 = 11.5£3.0 Hz£H - 6aj 8€4.3$ 1H£«id£3 = 11.5£5.3 ԷՆՔԴԼ- 6bi £Qnd 
4.0£ s£4i — OCH,£9?C NMRÉ£' 100.6 MHz£-€5D,N£65157.&" s£-€ — 2£6103.6 d£-€ — 
3£6484.$ s£-€ — 4£6153.$ «£-€ — 5£6134.0 «£-€ — 6£€465.£ s£-€ — 7£695.26 d£-€ — 
8£6454. £'s£-€ - 98Թ407. £s£-€ — 10£6422. £ s£-€ — 1; E429. Բ d£-€ — 2j and 6j E€^ 
117.£ d£-€ — 3j and 5j E€463. £^ s£-€ - 4| E€60.5& g£4j — OCH,£6102. £ 48-Ը, - 1£€^ 
74.8& d£ €, - 2£€59.3€' dE), — 3£€31.36 d£€,, — 4£878 .6€ d£€,. — 5£Gnd 62.58 t£ 
Cyc 6£Énegative ion FABMSE n£z£&46£ÜM — 1£%£" 100£629€UM - Glc£ 64£6283 

£24£€35£ 31£€18$ 35£€11f 6£@nd 86 10£O 

Cis - cinnamic acid£ 4£€; H4O, £-white powder£AU VAM?! nm £9204 .5£-206 .5£-214.5£^ 
219 and 268. ԼՑ" cm! £92931£4695£4631£4451£4419£4311£4283£4223£4176£^ 
1028£-980 and 943£H NMR£' 400 MHz£-€DCl£65 7.58 2H£-dd£3 = 6.6£3.6 ԷՆՔԻԼ- 

2 and 6 £€3.3£ 3HEmEH — 3£4 and 5£65.96€ 1H£d£3 = 12.7 ԷՆՔԻԼ g£Gnd 7.0£ 1H£^ 
d£} = 12.7Hz£-H- /8Թ5Ը NMRE' 100.6 MHz£-€DCl;£65134. £^ s£-€ — 1£6428. 6^ d£-€ 
—2 and 6£6429. £ d£-€ — 3 and 55Թ330. £' d£-€ - 4£6172. ք s£-€ — a£©418. € d£-€ — p£O 
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and 145. £ d£-€ - y£OEIM$ 70 eV£Q£7£914£0M AE” 100£6$3£0M — OH£€ 27£61260M — 
CO£Y" 12£61080M - COOH£* 73£69£ 26£@nd 784282 
Trans - cinnamic acid 5£€,H4O, £colorless crystalf£&b £9 + 0.34€" c 1.480£€HCl, £e 
UVAMOH qy£9204,5£-208£-214.5£-220.5 and 269.5. IRVE* em 14Ք30678-50288-28348- 
1683£4629£4449£4421£4335£4314£4285£4222£-980 and 944£>'H NMR£' 400 MHz£^ 
CDCl£65 7.5£ 2HEddEF = 5.6£2.0 ԷՆՔ-ԻԼ- 2 and 6£67 46 3HE-mE-H - 3£4 and 5£€^ 
6.48 1HETIEF = 16.0 Hz£-H - B£Gnd 7.7€ 1118-4483 = 16.0 Hz£-H - y£® C NMR 
£°100.6 MHz£-€DCl;£65 134.6 s£-€ - 1£6428. f d£-€ -2 and 6£6428. € d£€ -3 and 5£€- 
130.£ d£-€ - 4£6172.£ s£-€ — o£Gnd 117. £ d£-€ — 9£€447.& d£-€ - y£OEIM$ 70 eV£O 
n£z£914£Ü0M£Y" 100£613£ÜM — OHNE 27£€?&UM — CO£€' 12£640£UM - COOHEY 
£'73£69£ 26£@nd 784286 
P- coumaric 86108 6£€, H;O; £-eolorless crystal££&a £e? + 0.93£^ c 0.810£-H;COHE® 
UVAMON n£9210£-225£-292£-298.5 and 308.5. ԼԱԽՏ cm! £93376£-2831£-2501£4673£^ 
1628£4600£4511£4449£4326£4314£4246£4214£4172. and 979£»H NMR£' 400 MHz£^ 
CD4OD £85 7.4£ 2H£-«d£3 = 8.6£4.4 Hz£-H - 2 and 6 £66.78 2H£-d£3 = 8.6£4.4 
Hz£-H -3 and 5£66.26 1H£d£3 = 15.9 ԷՆՔԻԼ- B£Gnd 7.68 1H££3 = 15.9 ԷՆՔԻԼ- 
y£8?C NMRE 100.6 MHz£€D;OD£85127. $^ s£-€ — 1£6$31.6 d£€ —2 and 6£6116. € d£^ 
C-3 and 5£€161.6 s£€ — 4£€471. E s£€ — o£€415. £ d£-€ — B£@nd 146. £ d£-€ — y£& 
EIME” 70 eV £G£7£9 6€UMAE 69£O14F 60£€r86 38£€12$ ^ 60£€10$ 100£6t0£^ 33£€94 
£46£6967 57£63€ 70£66$' 66£@nd 5$767£0 
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